In this research, a new indicator of disciplinarity-multidisciplinarity is developed, discussed and applied. EBDI is based on the combination of the frequency distribution of subject categories of journals citing or cited by the analysis unit and the spread and diversity of the citations among subject categories measured with Shannon-Wiener entropy.
Introduction
In recent decades, the study of multidisciplinarity / disciplinarity has emerged as a core topic in science and technology studies and information & library science. IDR, Inter Disciplinary Research (Wagner et al. 2011) , is a key aspect both for policymakers and researchers (National Academies, 2005) . The increase in the number of journals has been observed, yet not exponentially (Mabe & Amin, 2001) , having as one of the possible factors, as Ziman (1980) puts it The impression of excessive proliferation arises mainly from the differentiation of journals to accommodate rapid expansion in specialized fields of research.
A wide number of procedures and approaches have been designed in order to define and measure interdisciplinarity or disciplinarity as well as related concepts such as crossdisciplinarity (Porter & Chubin, 1985 : COC and citation dispersal, continued by Tomov & Mutafov, 1996 , developers of I id indicator) or trans-disciplinarity (Croyle, 2008 , Hall et al. 2008 . The methods used range from using pre-defined classifications (classification-based), mainly Thomson Reuters ISI Subject Categories (SC hereafter), i.e. van Raan & van Leeuwen (2002) , to the development of procedures for ad hoc classification relying on factorization and clustering methods or bottom-up approach (i.e. Leydesdorff, 2007 or Rafols and Meyer 2010) . The studies in this topic used approaches in terms of task (Porter and Rossini, 2007) , process, and / or product and regarding the sources and nature of information, different inputs have been used, such as: word co-occurrence and neural networks, (Tijssen, 1992 , or Zitt & Bassecoulard, 2006 , co-classification of journals in pre-defined systems (Morillo, Bordons & Gómez, 2003) or citations (most of the studies rely on this latter aspect, such as Leydesdorff & Schank, 2008 , Rafols & Meyer, 2010 Stirling, 2007 or Leydesdorff, & Rafols, 2011 , since the interest in the cited work by the citing author is understood as underlying the citation process (Atkinson, 1984) .
A recent work by Leydesdorff and Rafols (2011) compares the performance of various indicators aimed at the measurement of interdisciplinarity, among which there are networkbased indicators such as Betwenness centrality ( Leydesdorff, 2007) and Rao-Stirling measures (Rao, 1982 and Stirling, 2007) , and vector based indicators (Gini Index and Entropy), applied to a set of journals in JCR.
It might be possible to develop a disciplinarity-multidisciplinarity indicator which could be calculated only with the information associated to the studied unit (a vector based indicator by contrast with network-based indicators), susceptible of being applied to different nature units (i.e. journals, disciplines or individual authors). All these being factors which could involve a high practical "usability" by policymakers and/or other audiences, it remains unknown whether the combinations of the values of a vector-based indicator are interpretable in terms of the different combinations of values it can take when applied to the input (citing) and output (cited) dimensions, and if it could help creating a preliminary "taxonomy" of the role each unit plays in the disciplinary system in which it operates.
Objectives:
1 In this work the author seeks for a vector based indicator which values attempt to capture the degree of disciplinarity or multidisciplinarity (the latter corresponding to the definition in Rafols & Meyer, 2010) both in citing and cited dimensions using the minimum necessary information.
1.1 Since it is not the main aim of the indicator to assess either the quality or the robustness of the thematic classification system in which it is applied, it is a classificationbased indicator and should be fully and easily reproducible in order to be of practical use by experts and non experts.
1.2 The indicator should be reliable, robust and consistent and its validity susceptible to be tested by multiple audiences. 2 The indicator should allow for taxonomy of journals according to the combination of its values in the citing and/or cited dimensions, and be helpful in placing a given journal close to or in the periphery of the thematic core of the subject category in which it is classified. 3 The indicator should be susceptible of being applied to different sets of journals regardless their thematic affiliation.
Assumptions and development of the indicator:
Assumptions: The percentage of citations coming or directed to journals classified in the same SC as the citing or cited journal (internal citations hereafter) is a proxy for a journal disciplinarity in the SC in which it has been classified: a journal citing or cited only by journals in its own SC is extremely monodisciplinary (Leydesdorff & Rafols, 2011 , when referring to self-citations). It remains problematic to determine up to which point the percentage of citations coming or directed to journals not classified in the same SC as the studied journal (external citations hereafter) can be synthesized into a measure in which both, diversity and evenness or unevenness of the distribution are captured for a single journal. The external citations can come from a variable number of different SC, and the distribution of citations of the external citations among these variable numbers of SC may also be variably uneven.
Shannon entropy as percentage of H max :
A suitable indicator which captures both diversity or degree and evenness in the frequency distribution is Shannon's entropy. This has been recently discussed by Leydesdorff and Rafols (2011) , who propose the use of the "local" entropy associated to the distribution of a given unit of analysis as a percentage of the maximum entropy of the distribution (H max , log n) in order to avoid its size sensitivity when used as a raw measure. This approach has been used here, taking as n the maximum number of possible SCs, instead of the maximum number of citing journals, which was the basis for H max calculation used by the aforementioned authors; the use of frequency of publication in the same vs. other SC's as fundamental piece of information for individual researchers' interdisciplinary profile assessment has been widely developed in Porter et al 2007.
The entropy associated to a frequency distribution can be formulated as follows ln Where And ∑ H increases both with diversity of SC's in the external citations and with the evenness of the distribution. For a given journal, the frequency distribution of citations (from or to that unit) has an associated entropy, which interpretation in terms of information could be exemplified as follows: if a journal is cited only from journals belonging to one single SC in the classification system used, the uncertainty in that distribution is minimum as it is its associated entropy (Leydesdorff and Rafols (2011) Op. Cit.) . Changes in both the number of SC's from which the citations come from, and unevenness in the frequency distribution would increase the uncertainty in the distribution, up to a maximum in which the uncertainty would be maximum as well as the entropy associated. This maximum uncertainty corresponds to ln where n is, in this case, the total number of possible SC from which the citations can come or be directed to.
Considering only the sources of the external citations, the entropy associated to the citation frequency distribution among SC's: [statement 1] increases when more SC's are added into the formula (a bigger "raw diversity"), and [statement 2] decreases with the unevenness of that distribution. Both properties reflect the degree of multidisciplinarity: this affirmation is maybe clearer for [1] than for [2]. It seems understandable that the more diversity in the SC sources of external citations involves greater "multi"-disciplinarity (supposing a comparative situation in which the percentage of internal citations is the same for both units) ( Table 1 ).
In the case of [2], a strongly uneven distribution involves a stronger citation pattern between the studied unit and certain specific disciplines rather than with others. Supposing two journals with equal percentage of internal citations, the same number of external citations and the same number of SC's from which those external citations come from or are directed to, the only fact which could differentiate them in terms of their degree of disciplinarity is the evenness or unevenness of their external citation pattern. If journal A has the same frequency of external citations along SC's, while B's frequency distribution of citations along SC's is strongly uneven, B could be considered more disciplinary, since it is more strongly related to fewer SC's than A. 
Change in frequency distribution of external citation Change in entropy values Interpretation
Δ Number of SC's involved (Δ in the diversity of sources)
Indicator formulation: Following the reasoning explained, the following indicator is proposed:
Entropy-Based Disciplinarity Indicator (EBDI): % % % is the percentage of citations from or to journals classified at least in the same subject category as the unit on which the indicator is being calculated (percentage of internal citations).
%
is the percentage that the entropy associated to the distribution of external citations represents respect the maximum entropy associated to the distribution of external citations (ln n, n being the maximum number of possible SC's in the system).
Indicator interpretation: If all citations are internal, the indicator value is equal to the percentage of internal citations, its value is 100, indicating extreme monodisciplinarity behavior of the studied unit in the discipline in which it has been classified. Co-classification of the journal in two disciplines might yield opposite results in each one. If all citations are external, then the indicator value is 0, indicating extreme multidisciplinarity (and maybe a problematic SC classification which might be revised by database managers).
The interpretation of the combination of high or low (the cutting point for high and los levels considered here is the percentile 50 in the rank-ordered distribution of EBDI values) levels of disciplinarity in the citing and cited dimensions is interpreted in this work as explained in table 2. 
Suggested interpretation of the "role" of the journal in the Sc

HIGH HIGH
The journal research front is clearly in its own SC and transforms knowledge from its own SC into knowledge which is mainly interesting for specialists in its own SC, adding a time differential. The journal might be at the disciplinary core of its SC. LOW HIGH The journal takes knowledge from other SCs and transforms it into an output which is mainly interesting for researchers publishing in its discipline. It might be a form of knowledge input multidisciplinarity. HIGH LOW The journal takes knowledge from its own SC and transforms it into an output which is mainly interesting for researchers publishing in other SCs journals. It might be a form of knowledge output multidisciplinarity. LOW LOW The journal research front is not clearly in that SC. It takes knowledge from SCs other than the one in which it is classified and transforms it in an output which is also highly relevant to researchers publishing in journals belonging to other SCs. Its thematic relation to the SC is rather tangential. The interpretation exemplified in this case is only valid for journals; other units would entail different interpretations (for example, in the case of a subject category, the "degree of disciplinary isolation" could be the axis for the interpretation).
Methodology.
In order to test the indicator, it was selected a set of journals conformed by those belonging to the first quartile in the impact factor rank of JCR social sciences edition 2011 in Information science & library science SC. The reason for choosing this subject category for this exploratory test is the better knowledge of the author as well as potential readers of this research of the nature of the publications of this field. The reason for choosing only the journals in the first quartile is the fact that the number of citations could be bigger than in other quartiles (since impact factor and raw number of citations have been found to be positively correlated in other studies, REF) , and this could lead to meaningful conclusions in this first experimental application.
The abbreviated title of the journals citing and cited by the set of journals belonging to the first quartile in the IF ranking of Information science & Library science (2011) is available in Thomson Reuters JCR, and disaggregated by year of publication of the citing or cited item, as well as in the field "all years". This latter is the number of citations used here, though further studies could involve the temporal latency of citation disaggregating the different citations in each of the 10 years covered. These abbreviated titles where crossed with the full title and this with the subject category (or categories) in which citing and cited journals are classified using JCR master lists information. For this experimental application, only SC's of Social Sciences have been used.
Co-classification of journals is a key issue for defining internal or external citations has been treated as follows. Since a journal can be classified in various disciplines, in all cases in which the citing or cited journal is classified in the same SC as the unit of analysis it has been counted as an internal citation, while in the other cases it has been classified as an external citation. If the journal on which the indicator is being applied is classified in Information Science & Library Science and it gets 17 citations from journal B which is classified in Information Science & Library Science as well as in Geography, those citations will be counted as internal citations (Boolean "or"). The frequency of citations from or to journals belonging to different SC has been quantified. Then, over this information, in the cited and citing dimensions the percentage of internal citations, sum of external citations, associated entropy to the frequency distribution of external citations among SCs, the percentage that the latter "local" entropy represents respect the maximum entropy, the EBDI indicator and the "raw diversity", it is, the minimum number of different disciplines from which the citations come from have been also calculated (Table 3 , example for the journal MIS Quarterly). 
Results
The results of the application of EBDI to the set of journals studied are plotted in chart 1. The citing and cited dimension thresholds which determine "high" or "low" levels of disciplinarity are the percentile 50 in the rank ordered EBDI distribution for each dimension, cited or citing. MIS Quarterly Executive is highly disciplinary in both dimensions, cited and citing. Coherently with previous studies' results using other indicators (Leydesdorff and Rafols, 2011, Op. Cit.) , this journal is highly monodisciplinary and might be taken as a core journal, from a knowledge classification perspective. It takes knowledge from its SC and transforms it into something mainly interesting for researchers publishing in that SC.
The Journal of Informetrics, though its values in the citing and cited dimensions are very close to the quartile threshold, could be accommodated in the taxonomy as a "knowledge importer", as in the case of the Annual Review of Information Science and Technology, since it is highly disciplinary in the cited dimension, but multidisciplinary in the citing dimension.
Information Systems Journal might be a clear example of "knowledge exporter", since it is disciplinary in the cited dimension but multidisciplinary in the citing dimension. The journal knowledge input frontier is mainly in its own SC, but the research published in the journal becomes interesting for researchers in other disciplines. In the same profile, it is possible to identify the Journal of Information Technology and the journal Information & Management.
Finally, among the journals which adscription to the field might be put into question, it is possible to mention the Journal of Health Communication and the International Journal of Geographical Information, which occupy rather remote positions to the disciplinary core journals' values of the indicator in terms of input and output disciplinarity.
Regarding the correlations between EBDI in the cited and citing dimensions, as well as other relevant correlations with indicators in the JCR register, the following Table 4 resumes some of the significant Spearman rank correlations of the indicator in the citing and cited dimensions at the .05 p-value level (n=20). It can be observed a significant, moderate and negative correlation of EBDI in the citing dimension with the 5 year impact factor, which is not the case for the 3 year impact, or in the case of the cited dimension. There is also a significant, moderate and negative correlation of EBDI (citing) with the article influence score. Assuming that the indicator, when applied to the citing dimension, increases with the disciplinarity of the journal, this seems to be a negative factor regarding the long-term impact factor, as well as the article influence score. It is not surprising that the correlation between the two "sides" of the indicator is just moderate, since there are few journals with a balance between the number of different SCs from which the papers published in the journal gather the knowledge expressed as citations and the evenness in that distribution, and the same variables in the case of the citations the papers published in the journal receive. That lack of strong coherence between the two dimensions is a precondition for taxonomy.
Discussion
Any given indicator should be subject of analysis from a "desirable properties" perspective, both in general terms and when applied with bibliometric purposes. These properties are to be discussed in this section, together with potential weaknesses and applications.
Indicator properties: The reproducibility of an indicator by a wide range of subjects (specialists or not) is a desirable characteristic (Archambault et al, 2009) . It guarantees the possibility of exercising the criticism and empirical contrast which is at the basis of any scientific endeavor. Certain bibliometric indicators which require the whole network of citations to be reproduced (such as SJR1 and 2, from Scimago Journal Rank) cannot be reproduced without the whole set of citing-cited vectors contained in the citation matrix derived from the source database or at least large pieces of it which is a serious drawback both for its reproducibility and the uses of the indicator. On the other side of the reproducibility spectrum, the efforts made by Mr. Loet Leydesdorff, making publicly accessible both data, detailed procedures, explanations for the calculus and analysis of his network-based indicators and results or the indicator SNIP developed by Henk Moed (Moed, 2010 and 2011) are, by the opposite, clear examples of reproducible results.
Due to the simplicity and straightforward calculation of the proposed indicator and the availability of the information required for its calculus, its values can be checked by an ample audience with access to WoS data.
The robustness of an indicator has several definitions and approaches (Archambault et al. 2009, Op. Cit.) but as a common core of their content, a low sensitivity to outliers is related to robustness and vice-versa. The use of percentages in the numerator and the denominator is the basis for the robustness of this indicator, since any extreme value would affect the indicator in a limited and proportional amount. Apart from this, since there are no factors in the indicator, the multiplicative risk of overweighting outliers is not involved in its calculus.
The concurrent validity, it is, the coincidence or co-variance of the conclusions derived from the indicator and other constructs on which there is consensus is yet to be determined, though some coincidences in the results with previous studies have been pointed out.
An indicator is consistent, specifically when it is a bibliometric indicator of total performance and according to Waltman et al (2011) , if adding the same publication to two different sets of publications never changes the way in which the indicator ranks the sets of publications relative to each other. According to Rousseau and Leydesdorff (2011) , a bibliometric indicator is consistent if the rank of two sets, not necessarily with the same number of elements, does not vary when items with 0 values are introduced.
Regarding Waltman et al.'s definition when applied to the indicator developed here, if EBDI takes the general form EBDI=a/b+1, being a and b positive natural numbers, then
Where n is a percentage of internal citations and cannot take negative values. If n´ is the result of adding a natural positive number and the value of the indicator resulting from this operation is denominated EBDI´, then:
[2] n>0: n<n´ ! EBDI´>EBDI (QED)
And EBDI´ can not occupy a position smaller than EBDI in a decreasing ranking.
In the case of Rousseau and Leydesdorff definition, the indicator takes into account only values greater than 0.
Limitations and shortcomings
The implementation of the indicator in bigger and more diverse sets of journals might reveal weaknesses when comparing strongly different SC's and might require specific normalization procedures. Also, in this case, the indicator has not been applied to the citations in journals belonging to Science Citation Index, and it remains unknown how it would be possible to characterize a journal according to the citations in both dimensions and in the two branches of knowledge. The use of this indicator at the individual level or when applied to other kinds of units such as whole fields, might be of use, though it remains to be know if it would be necessary to modify the indicator in order to satisfy the characteristics of the studied unit or other specific targets. Finally, though some evidence of concurrent validity of the indicator has been explained in this article, it remains yet to be done a wide validation study.
Possible applications and further research
The classification of journals in subject categories remains a persistent problem all along the different systems. Citations from or to a journal have been used for decades as a basis, jointly with other variables, as reliable evidence towards a satisfying classification (whatever is the precise meaning of "satisfying" strongly depends on the needs the system tries to fulfill). The taxonomy here proposed, particularly in the case of low values of disciplinarity in cited and citing dimensions might be helpful as a possible evidence of weak thematic relationship to the SC in which the journal has been classified, thus possibly contributing to a more depurated classification system/procedure. In the opposite side of the spectrum, journals with high levels of disciplinarity in the two dimensions might be considered as a "reference point" from which distance measures could be taken. The implementation of entropy-based disciplinarity indicators in networks might also be a possible approach when the whole matrix of cocitations is to be characterized or studied. Among the possible further research possibilities of the indicator, it is possible to incorporate (since data is available) a time differential, it is to say, the diachronic study of disciplinarity tendencies along the ten year frame considered in JCR. The indicator, due to its immediate availability, might be of use for policymakers when taking decisions related to targets involving multidisciplinarity as a goal. Finally, the taxonomy of cited-citing disciplinarity and the associated roles might be an interesting segmentation variable for identifying specific needs of geographically, thematically or institutionally defined "journal populations" and their consumers, as well as for the commercial fulfillment of those needs such as, i.e. "knowledge importers" journals consumers or authors might find more attractive more variety in the thematic diversity of the journal packages commercially available than those publishing in "knowledge exporter" journals, while the latter might find more useful to count with a "thematic core" set of subscripted journals .
Conclusions
The use of easily available data in a straight-forward computation indicator such as EBDI might be considered a desirable property. When applied to journals in the first quartile by impact factor of the Information Science and Library Science SC in JC, the Annual Review of Information Science and Technology has been positioned as the most disciplinary in the cited dimension, while MIS Quarterly is the most disciplinary in the cited dimension. On the opposite side of the spectrum of disciplinarity, the International Journal of Computer Supported Collaborative Learning is classified as the less disciplinary (or more multidisciplinary in the frame of the SC in which it has been classified) in both dimensions, cited and citing. The application of the indicator to a well known set of journals has resulted in a taxonomy which allows the categorization of journals according to their profile regarding their behavior in the cited and the citing dimensions. The results of the application of the indicator are fully reproducible and might be useful for the characterization of sets of journals according to the various profiles they can fit in, as well as for the study of the scientific production of units of study others than scientific journals, as well as for the segmentation of the population conformed by database and subscription consumers according to their potentially differential interests. The next graph shows the citation relationships established along disciplines of psychology with other fields of knowledge, according to JCR 2010 data (only the first 10 disciplines by rank-order of number of citations has been inputted in the network). The first network expresses the relationships in the cited dimension with social sciences fields, while the second involves only the relationships of psychology subject categories with fieds in the Science Citation Index, thus revealing its citation relationships with the scientific (no social sciences) and technological fields.
Finally, in the next table, it is shown the entropy associated to the external citations received by each discipline in the cited and citing dimensions, as the basis for the analisis of its specialization. 
